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hence, the aim of this study was to investigate the effects of the duration and intensity of mild feed restriction in the early rearing period on growth performance, carcass traits, organ weight, blood parameters and the immune response of broiler chickens.
Materials and methods
The experiment location was in Fuman, Guilan province, Iran. The Animal Ethics Committee of the Islamic Azad University, Iran, approved the procedures, and particular care was taken to minimize the number of animals.
Animal, experimental design. Two hundred and seventy male broiler chicks (Ross 308; Aviagen, huntsville, AL) were randomly assigned to a 4 × 2 factorial arrangement of treatments to examine the effects of 2 durations of quantitative feed restriction (FRD), 7 d (from 8 th to 14 th d of age) and 14 d (from 8 th to 21 th d of age), and 4 levels of quantitative feed restriction (FRI): 5, 10, 15 and 20% less than the standard guide of Ross 308 (ROSS 2007) . Each treatment group was replicated 3 times. One additional treatment, without any feed restrictions, was also included as the control group (Con). All broiler chickens were fed ad libitum before and after the completion of the restriction period. The broiler chickens' nutritional requirements were provided on the basis of the Ross strain rearing catalogue (ROSS, 2007) . The ingredients and nutrient composition of the diets used are presented in Table 1 . The cages were equipped with drinkers that were washed twice daily and filled with fresh water with the aim of maintaining unlimited and continuous access to water for broiler chickens. The broiler chickens were kept in land cages (1.5 × 1.0 × 0.5 m). The animals were housed under temperature-controlled conditions using a tunnel ventilation system (32 to 22 °C in relation to the animals' age) and water was sprayed on the floor to maintain relative humidity between 55 to 65%. Lighting in the building was 24 h the first day, and then kept to 23 h for the rest of the experimental period. A vaccination program against avian influenza virus (at 1 d of age), infectious bronchitis virus (at 1 d of age), Gumboro virus (at 19 d of age), and Newcastle disease (at 1, 5, 8 and 21 d of age) was implemented. In order to reduce the stress caused by vaccinations, a multi-electrolyte solution was used in the drinking water 24 hours before and after vaccination. The humoral immune response of the broiler chickens was also studied by 2 injections of sheep red blood cells (SRBC) at 11 and 28 d of age. For SRBC injection, initially 1 mL of PBS along with 10 mL SRBC was mixed completely, and 0.5 mL of the obtained solution was injected under the skin of the broiler chick breast. Broiler chickens were slaughtered at 42 d of age. Sample collection and measurements. Feed intake (FI) and body weights were recorded weekly by cage, and the weight gain (WG) and feed conversion ratio (FCR) were calculated. One animal per replication was randomly selected at 30 and 40 d, at 11 and 27 d, and at 25 and 42 d of age to study the immune response of the animal to Influenza, Newcastle vaccines and SRBC injections respectively. At the end of the study, at 42 d of age, one bird per replication, totaling three birds per treatment, were selected for blood collection, and for evaluation of carcass, organ, cuts and gastrointestinal segments. Particular care was taken to choose the most representative birds of the cage in terms of body weight. After slaughter, the weights of the carcass and gastrointestinal segments were determined. Relative weights (RW) were calculated as the ratio between the weight of the cut, organ or gastrointestinal segments and the weight of the carcass. Finally, the gut was excised and its parts, the duodenum, jejunum, ileum, cecum, rectum and colon, were separated, as reported by JAvAD et al. (2015) , and measured.
Laboratory methods. Blood samples (1 mL/bird) were collected into EDTA tubes from the wing veins, centrifuged at 3000 g, for 10 min and stored at -20 ºC, until assayed. Glucose, cholesterol, triglycerides, high-density lipoprotein (hDL), very low-density lipoprotein (vLDL), low-density lipoprotein (LDL), uric acid, albumin, globulin, and total protein were analyzed, as described in POURNAZARI et al. (2017) . The immune response of the animals to vaccines and to SRBC injections was assessed following the haemagglutination inhibition method (SEIDAvI et al., 2014) .
Statistical analysis. The statistical analysis was carried out using SPSS Inc (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) vers. 7.5.21. Normality of data distribution was assessed by the Shapiro-Wilk test. Data about broiler chickens in vivo and at slaughter, performance and blood variables were analyzed with a 2 (duration of feed restriction, 7 and 14 d) × 4 (intensity of feed restriction, 5, 10, 15, 20%) model using ANOvA. The humoral immune response data were analyzed by the non-parametric Scheirer-Ray-hare test, as suggested by DyThAm (2003) . Contrasts, or non-parametric contrasts when appropriate, were used to assess the differences between the control and the mean of the treatment groups. Differences at the P<0.05 level were considered statistically significant.
results
The effects of feed restrictions on the in vivo performance of broiler chickens are reported in Table 2 . In comparison with the Con, and despite the lack of effect on FI and WG, feed restrictions improved FCR at the end of the starter period (1 to 14 d of age; P<0.01), and during the finisher (29 to 42 d of age; P<0.05) and the entire experimental period (1 to 42 d of age; P<0.01). moreover, the Con had lower WG than the treated groups during the grower period (15 to 28 d of age; P<0.01). Within the feed restricted groups, the duration had a more pronounced effect than the intensity of feed restriction on in vivo performance. Indeed, the effect of FRI was limited to FI at the end of the starter period, where the 20% feed restricted groups showed lower values than the 5% feed restricted groups (P<0.05). Conversely, groups feed restricted for 14 d had lower FI and BW than those feed restricted for 7 d during the grower, finisher, and the entire period (P<0.05). Feed restriction for seven days tended to improve FCR during the entire experimental period compared to 14-d of feed restriction (P = 0.06). The FRI × FRD interaction never reached the level of significance (P>0.05). 29-42 196 193 191 194 192 196 Con -control group; WG -weight gain; FI -feed intake; FCR -feed conversion ratio; SEm -standard error of the means; a,b,c P<0.05; α,β P<0.10; * -intensity of quantitative feed restriction expressed as percentage of standard guideline; ** -control diet vs. treatment diets interaction
As shown in Table 3 , when compared with the Con, feed restrictions tended to increase carcass percentage (P = 0.08), increased the RW of the breast (P<0.05), and abdominal fat (P<0.01), and reduced the RW of the heart (P<0.05), wings (P<0.05), neck (P<0.05), spleen (P<0.05) and liver (P<0.01). Within the feed restricted groups, FRI did not affect body weight at slaughter, carcass percentage, or the RW of cuts and organs (P>0.05). The groups feed restricted for 14 d tended to have a reduction in the RW of the breast (P = 0.06), BW at slaughter (P<0.05), RW of the kidneys (P<0.05), abdominal fat (P<0.05), lungs (P<0.05), and liver (P<0.05), but increased RW of the gizzard (P<0.05), brain (P<0.01), head (P<0.05), and wings (P<0.05) in comparison to the groups feed restricted for 7 d. however, significant FRI × FRD interaction (P<0.05) was only found for RW of the kidneys, lungs and liver. The effects of feed restrictions on the gut characteristics of broiler chickens are reported in Table 4 . In comparison with the Con, feed restriction groups had reduced RW and the dimension of the gut of broiler chickens. In particular, a reduction in the RW of ileum (P<0.01), colon (P<0.05) and cecum (P<0.01), and of the length of the duodenum (P<0.01), ileum (P<0.01), colon (P<0.05), and cecum (P<0.05), as well as of the diameter of the jejunum (P = 0.04), and ileum (P<0.05), and of the width of cecum (P<0.05) were observed. moreover, also the RW of jejunum tended to be reduced by feed restriction (P = 0.07). The significant effect of FRI was limited to the diameter of the duodenum, which was lower in groups subjected to 20% feed restriction than in those subjected to 5% feed Feed restrictions did not influence the blood variables of broiler chickens (Table 5) , with the only exception of albumin content, which was higher in the Con than in the treatment groups (P<0.05). Within the feed restricted groups, FRI did not affect the blood variables (P>0.05; Table 5 ). Conversely, FRD affected cholesterol and albumin levels, and the LDL/hDL ratio. In particular, groups feed restricted for 14 d had lower cholesterol levels (P<0.05), tended to have lower levels of albumin (P = 0.06) and a higher LDL/ hDL ratio (P = 0.07) than those feed restricted for 7 d. however, a significant FRI × FRD interaction (P<0.05; Table 5 ) was only found for cholesterol level.
Feed restriction did not influence the humoral immune response to Influenza and Newcastle disease vaccinations or the response to injections of SRBC (P>0.05). In particular, antibody titres against influenza at 30 d (1.37 ± 0.19 log 2 hI titer) and 40 d (3.63 ± 0.12 log 2 hI titer) of age, and Newcastle disease vaccination at 11 (0.30 ± 0.09 log 2 hI titer) and 27 d (3.93 ± 0.22 log 2 hI titer) of age were not influenced by feed restriction. Antibody titer against SRBC at 25 d of age in terms of total immunoglobulin (0.93 ± 0.16 log 2 hI titer), IgG (0 ± 0 log 2 hI titer), and Igm (0.93 ± 0.16 log 2 hI titer), and at 42 d of age in terms of total immunoglobulin (3.11 ± 0.28 log 2 hI titer), IgG (0.67 ± 0.13 log 2 hI titer), and Igm (2.44 ± 0.19 log 2 hI titer) were similar between the groups (P>0.05). Con -control group; WG -weight gain; FI -feed intake; FCR -feed conversion ratio; SEm -standard error of the means;* -intensity of quantitative feed restriction expressed as a percentage of the standard guideline; ** -control diet vs. treatment diets interaction
Discussion
In comparison with the Con, FCR improved in the feed restricted groups, and it tended to improve if the FRD was 7d rather than 14-d without any significant effect on FRI. These differences reflected those highlighted in the starter period, where the feed restriction technique seems more effective in improving the FCR of animals. Regarding the starter period, it should be pointed out that the animals were only feed-restricted during the last 7 d. From this point of view, our results are in substantial agreement with SANTOSO (2002) , who showed that a 25% feed restriction of ad libitum feed intake for six days from 7 d to 13 d of age, was able to improve the FCR of broiler chickens at the end of the period of feed restriction. The same author hypothesised that feed restriction reduced the energy requirement for maintenance by increasing the efficiency of energy utilization by broiler chickens. On the other hand, ShABANI et al. (2015) observed that feed restrictions of up to 20% of ad libitum feed intake and of up to 14 d after 8 d of age, were not able to influence the FCR of broiler chickens. FI and WG were similar between the feed restricted and Con groups, with the only exception of WG in the grower phase, which was higher in the feed restricted groups. As expected, the FRI was higher while the FI was lower in the starter period, explaining the tendency to a reduction in the broiler chicken's BW in the same period. Differences in FI and WG between FRI levels in the other husbandry periods were not found. Conversely, the groups feed restricted for 14 d showed lower FI and WG than those feed restricted for 7 d in grower, finisher and the entire experimental periods. These results led to the lowest BW at slaughter observed in the groups feed restricted for 14 d. AFShARmANESh et al. (2016) , considering a feed restriction of 50% of ad libitum feed intake from 6 d to 12 d of age, failed to find differences in the BW and FI of chickens feed-restricted or ad libitum-fed. Considering the entire period, these contemporary reductions of FI and WG did not allow for any improvement of FCR in respect to the groups feed restricted for 7 d. In general, in this study, no compensatory growth mechanism was observed, probably because of the low levels of feed restriction used. Indeed, vAN DER kLEIN et al. (2017) explained that compensatory growth is related to the level of feed restriction, and it may be less evident if mild feed restriction is used. In comparison with the Con, the feed restricted groups showed higher RW of the breast and abdominal fat. The literature reports highly controversial results (LIPPENS, 2000) , probably because the effect of feed restriction is modulated by many factors, such as strain, feed restriction duration and intensity, and gender (TůmOvá and TEImURI, 2010) . The FRI did not influence the abdominal fat and breast deposition, while broiler chickens subjected to FRD of 14 d had reduced abdominal fat and tended to have reduced breast percentage in comparison to those subjected to a FRD of 7 d. These results suggest that the accumulation of fat and muscle yield are related to the duration of the early mild feed restriction. Despite the fact that the animals were feed-restricted at an earlier age in comparison to the present study, LIPPENS (2000) also found that broiler chickens had significantly increased abdominal fat by 7% after 4 d of feed restriction of 20% of the ad libitum intake. Although it is not statistically significant, URDANETA RINCON and LEESON (2002) observed an increase in abdominal fat in broiler chickens of 42 d of age, which had been feed restricted from 5 to 10 d of age, suggesting that the feed restricted animals could be overeating, which cannot be excluded in the present study. RAhImI et al. (2015) hypothesised that the increase in fat accumulation after a mild feed restriction may be due to the alteration of the metabolism, the protein level of the diet, and the activity of enzymes involved in lipogenesis. In contrast, ShABANI et al. (2015) did not find any effect of feed restriction up to 25% of ad libitum feed intake on the RW of abdominal fat.
Considering the small intestine, the feed restricted groups showed a reduction in the diameter of the jejunum and ileum, and of the RW of the Ileum, and of the length of the Duodenum and Ileum in comparison with the Con. DUARTE et al. (2014) reported that, in the starter period, the gut grows more rapidly than the rest of the body. Therefore, feed restriction in this period can lead to an alteration of gut development. These authors also showed that a 30% restriction of ad libitum intake from 7 to 14 d of age reduced the weight of the small intestine, and this was recovered after three days of refeeding. Although the small intestine has a crucial role in the absorption of nutrients, in this trial the reduction and tendency to a reduction in the RW of the ileum and jejunum, respectively, were not reflected in the reduced RW of the breast and abdominal fat, as previously discussed. Since the RW of the pancreas was not affected by feed restriction, it may be hypothesised that the secretion of enzymes was not altered. moreover, it may be hypothesised that the activity of the intestinal peptidase and sucrose, and/or the expression of intestinal transporters were increased in the feed restricted groups as shown by many other authors (GILBERT et al., 2008; PINhEIRO et al., 2004; SUSBILLA et al., 2003) . Considering the large intestine, the feed restricted groups showed a reduction in the RW and length of the cecum and colon, and of the width of the cecum. These results disagree with DUARTE et al. (2014) who observed that feed restriction were not able to modify the RW of the large intestine. however, the same authors argued that few studies are available about the influence of feed restriction on the development of the large intestine.
The feed restriction had a very limited effect on blood variables, indicating that the nutritional and metabolic status of broiler chickens was unaltered even in the treated groups, which is in agreement with the results regarding WG. Indeed, RAJmAN et al. (2006) explained that total plasma protein and uric acid are related to body condition and feed restriction, respectively. These results reinforce the hypothesis that the levels of feed restriction used were low and not able to markedly influence the animals' metabolism. The results of our study are in agreement with the findings of ShABANI et al. (2015) who, considering a feed restriction of 14.5 and 25% of ad libitum feed intake, observed the very limited effect of feed restriction on the blood variables of broiler chicken.
Considering the immunity of broiler chickens, feed restriction reduced the RW of the secondary lymphoid organs, spleen and liver, but did not affect the RW of the primary lymphoid organs, thymus and bursa of Fabricius. Considering also the lack of influence on the response to vaccination and to SRBC antigens, in this study the feed restriction did not alter the immune status of the animals or the efficacy of vaccinations. RAhImI et al. (2015) showed that a feed restriction of 15 and 30% of ad libitum feed intake had a low influence on the immunity of broiler chicken. Also FASSBINDER-ORTh and kARASOv (2006) did not find any effect of feed restriction up to 54% on the RW of the bursa of Fabricius and spleen.
In conclusion, this study showed that a quantitative feed restriction up to 20% for 7 and 14 d was an appropriate strategy to improve FCR and the RW of the breast, with a very limited effect on blood variables, or efficiency of vaccination, and without significant effects on the immune status of broiler chickens.
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